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One of the outstanding problems in Iron-pnictide research is the unambiguous detection of its pairing symmetry.
The most probable candidates are the two-band s++ and sign reversed s± wave pairing. In this work the Andreev
conductance and shot noise are used as a probe for the pairing symmetry of Iron pnictide superconductors. Clear
differences emerge in both the zero bias differential conductance and the shot noise in the tunneling limit for the
two cases enabling an effective distinction between the two.
I. INTRODUCTION
Andreev conductance and shot noise across a Metal-
Superconductor[1] or Ferromagnet-Superconductor[2] have
been subjects of extensive research in the past two-three
decades. The main purpose of research in such setups is
to probe their applications in tasks ranging from detection of
pairing symmetry of superconductors[3] to quantum informa-
tion processing[4]. In this respect while conductance calcula-
tions have been used extensively to probe the pairing symme-
try, there is no record of the use of shot noise in such tasks.
Shot noise has been used to measure the unit of transferred
charge in fractional quantum hall experiments, in distinguish-
ing particles from waves and as entanglement detector too[4].
In contrast, probably for the first time, in this manuscript shot
noise will be used to detect pairing symmetry of an Iron pnic-
tide superconductor.
The aim of this work is to propose differential conduc-
tance and shot noise as a possible discriminator between
the two possible s++ and s± pairing symmetries of Iron
based superconductors[5]. Experimental tests like the half-
flux quantum[6] have utilized Josephson coupling, between an
Iron superconductor and a s-wave superconductor, and have
managed to zero in on the s± pairing but doubts remain[7].
The spontaneous magnetic flux measured can identify the
sign-reversed pairing symmetry(s±) in Josephson junction with
Iron-based superconductor. In a recent work, the feasibility
of tuning the coupling between two bands of the Iron super-
conductor was discussed so as to discriminate between the
two possible pairing symmetries[7, 8]. The Josephson coupling
changes from adding constructively for s++ case to canceling
destructively for s± case due to the pi phase shift. Thus due to
phase sensitivity of Josephson junctions, there is almost com-
plete cancellation of supercurrents from sign-reversed pairing
symmetry in Iron pnictide Josephson junctions[7]. We will also
exploit this property in Iron superconductors to discriminate
between the two pairing symmetries via the differential con-
ductance and shot noise.
Two tunneling channels in Iron pnictide based junctions are
due to the multiband nature of the Iron-superconducting elec-
trode. This gives rise to complicated interference depending
on the underlying pairing symmetry[8]. We show it is the inter-
ference of waves reflected from different pairing symmetries
of Iron pnictide superconductor junctions which helps in dis-
tinguishing between them. The layout of the paper is as fol-
lows: in the next section we briefly discuss the competing pair-
ing symmetries in Iron superconductors and how they arise,
next we discuss the first of our chosen settings namely a Nor-
mal Metal-Insulator-Normal Metal-Insulator-Iron pnictide junc-
tion focussing on the wavefunctions, boundary conditions and
expressions for differential conductance and shot noise. After
this we discuss the second setting a Ferromagnet-Insulator-
Normal Metal-Insulator-Iron pnictide junction. This is followed
by a discussion on the results for both the settings. We finally
conclude with a note on experimental realization of our chosen
settings.
II. THEORY OF ELECTRON AND HOLE POCKETS IN IRON
SUPERCONDUCTORS
The kinetic energy term of an Iron pnictide superconductor can
be derived using a tight binding model [10]:
HKinetic =
(
εx−µ εxy
εxy εy−µ
)
, (1)
where εx = −2t1 cos(kxa) − 2t2 cos(kya) −
4t3 cos(kxa)cos(kya), εy = −2t2 cos(kxa) − 2t1 cos(kya) −
4t3 cos(kxa)cos(kya), εxy = −4t4 sin(kxa)sin(kya) and µ de-
notes the chemical potential with a being the lattice constant.
For the parameters t1 = −1, t2 = 1.3, t3 = t4 = 0.85 and
µ = 0.45 the FeAs (Iron pnictide) band structure is plotted
in Fig. 1. The Fermi surfaces obtained by diagonalizing
HKinetic are plotted in the unfolded Brillouin zone, it has two
electron pockets(or, electron bands) centered at (0,±pi) and
(±pi,0) and two hole pockets(or, hole bands) centered at (0,0)
and (pi,pi). If the Iron pnictide superconductor lies on the
x− y plane, an incident electron at the metal-superconductor
interface with small py is transmitted through the electron
and hole Fermi surface pockets. In this work we follow the
assumption in Ref. [12] and consider the Andreev reflection
problem as envisaged with a Fermi surface consisting of
just one hole and one electron pocket. The problem can be
generalized to the four pocket Fermi surface shown in Fig. 1
as in Refs. [10, 13]. Another important point to note from
Fig. 1 is the translation in-variance in the y-direction [7]. The
full Hamiltonian of the Iron pnictide superconductor is then a
sum of the Kinetic energy term and pairing potential and can
be written as:
H = HKinetic+Vpairing =
(
Hkinetic(k) ∆(k)
∆∗(k) H∗kinetic(k)
)
. (2)
ar
X
iv
:1
90
4.
00
20
1v
1 
 [c
on
d-
ma
t.s
up
r-c
on
]  
30
 M
ar 
20
19
III METAL-INSULATOR-METAL-INSULATOR-IRON PNICTIDE SUPERCONDUCTOR JUNCTION
Figure 1: Electron and hole packets in the brillouin zone of
Iron pnictide superconductor.
The superconducting gap ∆(k) assumes two different val-
ues for the gap ∆e and gap ∆h in the electron and hole
Fermi surfaces. In this work, we concentrate on two al-
ternative scenarios for the pairing symmetry of Iron pnictide
superconductor[19] the two band s-wave case s++ in which
∆e and ∆h have same sign and contrast it with the two band
s±-wave case for which ∆e and ∆h take on opposite signs.
III. METAL-INSULATOR-METAL-INSULATOR-IRON PNICTIDE
SUPERCONDUCTOR JUNCTION
Figure 2: Normal metal(N1)-Insulator-Normal
metal(N2)-Insulator-Iron pnictide(Ip) junction
In Fig. 2 we show the first of our chosen settings to detect the
pairing symmetry of Iron pnictide superconductor. The normal
metal N1 is at bias voltage V with respect to the metal N2 and
Iron pnictide superconductor which are both grounded.
A. Hamiltonian
The Hamiltonian of Iron pnictide superconductor from Eq. 2 is
given as below, with εk,1 and εk,2 the two electronic energy
bands from Eq. 2, while −εk,1 and −εk,2 are the two hole en-
ergy bands with H ψ= Eψ, where
H =
εk,1+U(x) ∆1(k)Θ(x) αδ(x) 0∆∗1(k)Θ(x) εk,1+U(x) 0 −αδ(x)αδ(x) 0 εk,2+U(x) ∆2(k)Θ(x)
0 −αδ(x) ∆∗2(k)Θ(x) εk,2+U(x)
 ,
(3)
and α is the interband coupling strength between the two
bands in Iron pnictide superconductor and E defines the en-
ergy of the states. The two bands couple through the interface
scattering as long as α , 0 [11].
B. Wavefunctions and Boundary Conditions
The wavefunctions in metal N1 and N2 are ψN1 and ψN2 . The
N1/I/N2/I/Iron-pnictide junction has insulators at x = −a and
x = 0, the two insulators are described by δ-function poten-
tials: U(x) = U1δ(x+ a)+U2δ(x) with U1 and U2 being the
barrier strengths. The Iron based superconductor possesses
two superconducting gaps ∆1,2 in both the bands Γ and M[13].
The superconducting phases of the gaps are φ1 and φ2. The
s± pairing model has unequal gaps (∆1 , ∆2) with phases of
opposite signs, i.e., φ1−φ2 = pi, while s++ pairing model has
unequal gaps (∆1 , ∆2) but with same sign, i.e., φ1 = φ2.
Similar to the Iron pnictide junction, we consider the metals
N1 and N2 to have two distinct bands with the band energies
as was also done in Ref. [11], εk,1 = (~2/2m)(kF −pi)2−EF
and εk,2 = (~2/2m)(kF − pi)2+EF as in Fig. 1. Further, we
assume the hole and electron Fermi surfaces to be circular
and of same size although in actuality they aren’t exactly
circular. In the Andreev approximation (EF  ∆1,∆2,E),
however the additional phase shift in the first band makes no
difference to the results at all and therefore in the subsequent
calculation we neglect this additional phase shift.
From Eq. 3, the wave functions in the three regions when an
electron is incident from the left in band 1 is-
ψN1(x) =

1
0
0
0
(eikFx+b1e−ikFx)+a1

0
1
0
0
eikFx+b2

0
0
1
0
e−ikFx+a2

0
0
0
1
eikFx, f or x<−a, (4)
2
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ψN2(x) =

1
0
0
0
(t1eikFx+g2e−ikFx)+

0
1
0
0
(h2eikFx+ f1e−ikFx)+

0
0
1
0
(t2eikFx+g1e−ikFx)+

0
0
0
1
(h1eikFx+ f2e−ikFx), (5)
for −a< x< 0, and
ψIP(x) = c1

u1
v1e−Iφ1
0
0
eikFx+d1

v1e−Iφ1
u1
0
0
e−ikFx+ c2

0
0
u2
v2e−Iφ1
eikFx+d2

0
0
v2e−Iφ1
u2
e−ikFx, f or x> 0. (6)
In Eqs.(4-6), the coherence factor for the gaps ∆1(2) are
u1(2) =
√
(1/2)(1+Ω1(2)/E), v1(2) =
√
(1/2)(1−Ω1(2)/E),
with Ω1(2) =
√
E2−∆21(2), and kF denotes Fermi wavevec-
tor. Here and in what follows, we assume Andreev approxi-
mation such that the Fermi level EF is much larger than band
gaps ∆1,∆2 as well as the electron/hole energy level E. For
an incoming electron from band 2, the wave function of nor-
mal metal(N1) is simply obtained by letting [1,0,0,0] eikF x go
to [0,0,1,0] eikF x in Eq. 4. Here, {b1,a1} are the normal and
Andreev reflection scattering amplitudes for band 1, similarly
we have {b2,a2}-the normal and Andreev reflection scattering
amplitudes for band 2. The general boundary conditions at the
interfaces can then be found from Fig. 2 as:
ΨN1 |x=−a =ΨN2 |x=−a, (7)
∂
∂x
(ΨN2 −ΨN1)|x=−a = 2m
(
U1diag(1ˆ, 1ˆ)
)
ΨN1 |x=−a, (8)
ΨN2 |x=0 =ΨIP|x=0, (9)
∂
∂x
(ΨIP−ΨN2)|x=0 = 2m
(
U2diag(1ˆ, 1ˆ)+α o f f diag(1ˆ, 1ˆ)
)
ΨN2 |x=0, (10)
using which all the scattering amplitudes can be determined.
In Eqs.(7-10) 1ˆ is the 2×2 unit matrix and diag and o f f diag
denote diagonal and off-diagonal 4×4 matrices in which these
unit matrices are embedded[11]. At this point we also intro-
duce two dimensionless parameters characterizing the sys-
tem, namely the barrier strength zi= 2mUi/kF , i= 1,2 and the
interband coupling strength α˜= 2mα/kF . From the scattering
ampltude ai,bi, i= 1,2 we get the Andreev and normal reflec-
tion probabilities as Aσ = |aσ|2, Bσ = |bσ|2 where σ = 1,2.
This procedure of solving the boundary conditions (Eqs. 7-10)
is repeated for an electron incident in band 2 of metal N1.
C. Conductance and shot noise in N1/I/N2/I/Ip junction
The well known BTK [14] approach to calculate the dif-
ferential conductance in Normal metal-Superconductor junc-
tions was previously extended to normal metal-Iron pnic-
tide superconductor junction in Ref. [11]. In this paper,
we extend it to address both differential conductance and
differential shot noise in both normal metal/insulator/normal
metal/insulator/Iron pnictide superconductor as well as Fer-
romagnet/insulator/normal metal/insulator/Iron pnictide super-
conductor junction as a means to detect the pairing symmetry
of Iron pnictide superconductor. To calculate the currents in
the normal metals one has to sum the contributions of electron
incident from both bands. The net charge current induced by
a voltage drop eV across the junction Iλ for electron incident in
band (λ= 1,2) is-
Iλ = 2N(0)evFA ∑
σ=1,2
∫ ∞
−∞
(1−Bσ(E)) [f0(E− eV )− f0(E)]
+ Aσ(E) [f0(E)− f0(E+ eV )]dE. (11)
The incoming electrons from Iron pnictide superconductor
have Fermi distribution f0(E), while incoming electrons from
Normal metal N1 have distribution f0(E−eV ). In Eq. (11) A is
the cross sectional area of the interface, vF the Fermi velocity,
N(0) is the density of states at the Fermi energy EF and sub-
script σ in the scattering probabilities describes whether the
reflection is from band 1 or band 2 of Iron-based superconduc-
tor. After determining the scattering probabilities we calculate
the differential conductance from Eq. (11) as-
Gλ(E) ∝ ∑
σ=1,2
∫ ∞
−∞
[
∂f0(E− eV )
∂E
]
[1+Aσ(E)−Bσ(E)]dE,
(12)
where λ denotes incoming electron from band λ= 1,2. At tem-
perature T = 0, Fermi function is a Heaviside theta function.
3
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Thus, we have: − ∂f0(E−eV )∂E = δ(E− eV ).
The normalized differential conductance of the system at tem-
perature T = 0 is then[14, 16]:
Gλ(eV ) ∝
dIλ/dV
(dI/dV )NM
= ∑
σ=1,2
[1+Aσ(eV )−Bσ(eV )]/TNM.
(13)
where TNM is the tunneling conductance in the normal state
with Iron pnictide replaced by a normal metal. The differential
conductance for two band (Iron based) superconductor thus is
given as-
G(eV )/G0 =
1
2TNM
∑
λ=1,2
Gλ(eV ), (14)
where G0 = 2e
2
h , Gλ(eV )= 1 + A1(eV ) +A2(eV ) -B1(eV ) -
B2(eV ) for incoming electron in band λ and TNM is the trans-
mission probability of a Normal metal-Insulator-Normal metal-
Insulator-Normal metal junction.
Next, we calculate the shot noise for our junction. Shot noise
is defined as the temporal fluctuation in electric current in non-
equilibrium(transport) across a system. Unlike thermal noise
which vanishes at zero temperature shot noise exists even at
zero temperature. This is a consequence of the discreteness
of charge. The general result for shot noise power[18] P11
(the double subscript 11 refers to the fact that shot noise is
current-current correlation in normal metal) across a normal
metal/superconductor junction is:
P11 =
2e2
h ∑k,l∈1,2;x,y,γ,δ∈e,h
∫
sgn(x)sgn(y)dEWk,γ;l,δ(1x,E)
Wl,δ;k,γ(1y,E)fkγ(E)[1− flδ(E)], (15)
where the parameter Wk,γ;l,δ(1x,E) = δ1kδ1lδxγδxδ −
sxγ†1k (E)s
xδ
1l (E) contains all the information about the scat-
tering process, sxγ1k(E) represents the scattering amplitude for
a particle of type γ incident from contact k which is transmitted
to contact 1 as a particle of type x and fkγ is the Fermi function
for particle of type γ in reservoir k. It should be noted that
normal metal is contact 1 while superconductor is contact 2.
Here sgn(x) = +1 for x= e, i.e, electron and sgn(x) =−1 for
x = h, i.e., hole. Because of Andreev reflection an electron
incident in contact 1 can result in either an electron or a hole
leaving contact 1 or 2. We can further simplify the shot noise
expression by separating the electron-electron (or, hole-hole)
correlations identified as PAA11 and electron-hole (or, hole-
electron) correlations as PAB11 . Thus, P11 = P
AA
11 +P
AB
11 , where
PAA11 = 〈∆I1e∆I1e+∆I1h∆I1h〉 and PAB11 = 〈∆I1e∆I1h+∆I1h∆I1e〉.
Further PAA11 , P
AB
11 from Eq. (15) can be written as[18]-
PAA11 =
2e2
h
∫
∑
x∈e,h
{(1−T xx11 )2f1x(E)[1− f1x(E)]+ ∑
kγlδ,1x1x
T xγ1k (E)
T δγ1l (E)Wl,δ;k,γ(1y,E)fkγ(E)[1− flδ(E)]}dE, (16)
PAB11 =
2e2
h
∫
∑
x∈e,h
{2T xx¯11 f1x¯(E)[1− f1x¯(E)]+∑
kγ
sx¯γ1k(E)s
xγ†
1k (E)
fkγ(E)∑
lδ
sxδ1l (E)s
x¯δ†
1l (E)flδ(E)}dE, (17)
in Eqs. (16-17) the scattering probabilities are related to scat-
tering amplitudes, i.e., T xγ1k (E) = |sxγ1k(E)|2 and if x = e then
x¯= h. Further, at zero temperature, the term f1x¯(E)[1− f1x¯(E)]
vanishes, and only the second term in PAA11 and P
AB
11 remains.
After some algebra, the shot noise power can be written as-
P11 =
4e2
h
∫ eV
0
dE{T ee11 (E)T he11 (E)+T eh11 (E)T hh11 (E)
+ T ee11 (E)T
he
11 (E)+T
eh
11 (E)T
ee
11 (E)},
=
4e2
h
∫ eV
0
dE{T ee11 (E)(1−T ee11 (E))+T he11 (E)
(1−T he11 (E))+2T ee11 (E)T he11 (E)}. (18)
Now T ee11 (E) is the normal reflection probability B(E) while
T he11 (E) is the Andreev reflection probability A(E). Therefore
Eq. (18) can be written in terms of A and B as-
P11 =
4e2
h
∫ eV
0
dE{A(E)(1−A(E))+B(E)(1−B(E)).
+ 2A(E)B(E)}, (19)
Eq. (19) is the expression for shot noise power in a Metal-
Superconductor junction. In a N1/I/N2/I/Iron pnictide supercon-
ductor junction due to multi-band structure of Iron pnictide su-
perconductor, an incident electron from band λ= 1 or 2 can re-
sult in reflection of an electron and hole in bands 1 and band 2.
Shot noise power can then be defined as P11 = P11(1)+P11(2),
where P11(λ) is shot noise power for incident electron from
band λ = 1(2). Shot noise power derived for N/S junction,
Eq. (19), above can be extended to N1/I/N2/I/Iron pnictide su-
perconductor junction as follows:
P11(λ) =
4e2
h
∫ eV
0
dE ∑
σ=1,2
Aσ(E)[1−Aσ(E)]+Bσ(E)
[1−Bσ(E)]+2Aσ(E)Bσ(E), (20)
with λ = 1(2) and P11(λ) = (1/e)
∫
SλdE where Sλ being the
differential shot noise for incident electron from band λ. Dif-
ferential shot noise for N1/I/N2/I/Iron-pnictide superconductor
junction[4, 20] is thus:
S/S0 =
1
2 ∑λ=1,2
Sλ, (21)
where S0 = (4e3/h) and Sλ = A1(eV )(1 − A1(eV )) −
B1(eV )(1 − B1(eV )) + 2A1(eV )B1(eV ) + A2(eV )(1 −
A2(eV )) − B2(eV )(1 − B2(eV )) + 2A2(eV )B2(eV ) for
incoming electron in band λ = 1,2. One can also deter-
mine the differential Fano factor which is defined as ratio
4
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of differential shot noise to differential conductance as
F = (∑λ=1,2 Sλ)/(∑λ=1,2Gλ). Next we study the differential
conductance and shot noise in a Ferromagnet-Insulator-
Normal Metal-Insulator-Iron pnictide superconductor junction.
IV. FERROMAGNET-INSULATOR-METAL-INSULATOR-IRON
PNICTIDE SUPERCONDUCTOR JUNCTION
Figure 3: Ferromagnet-Insulator-Normal metal-Insulator-Iron
pnictide junction
The Ferromagnet-Insulator-Metal-Insulator-Iron pnictide su-
perconductor setting is shown in Fig. 3, with wave functions:
ψFM(x),ψNM(x) andψIP(x) for the ferromagnet, normal metal
and Iron pnictide segments. For a spin up electron incident at
the interface from left in band 1, the resulting wavefunctions in
various segments are:
ψFM(x) =

1
0
0
0
(eike↑x+b1e−ike↑x)+a1

0
1
0
0
eikh↓x+b2

0
0
1
0
e−ike↑x+a2

0
0
0
1
eikh↓x, f or x<−a, (22)
ψNM(x) =

1
0
0
0
(t1eikFx+g2e−ikFx)+

0
1
0
0
(h2eikFx+ f1e−ikFx)+

0
0
1
0
(t2eikFx+g1e−ikFx)+

0
0
0
1
(h1eikFx+ f2e−ikFx), (23)
for −a< x< 0, and
ψIP(x) = c1

u1
v1e−Iφ1
0
0
eikFx+d1

v1e−Iφ1
u1
0
0
e−ikFx+ c2

0
0
u2
v2e−Iφ1
eikFx+d2

0
0
v2e−Iφ1
u2
e−ikFx, f or x>−a, (24)
Similar to Eq. (22-24), we can write wavefunction resulting
from electron incident in band 2 too. The possible reflection
amplitudes are b1− normal reflection in band 1, b2− nor-
mal reflection in band 2, a1− Andreev reflection in band 1,
a2− Andreev reflection in band 2. The electron/hole wave
vectors[21] are ke(h) =
√
2m(EF ∓E+ sh0), with s = 1 for
spin up and s = −1 for spin down electron/hole. In the
FM/I/NM/I/Iron-pnictide junction of Fig. 3, the ferromagnet has
magnetization defined as h(x) = h0Θ(x+ a) , where Θ is the
Heaviside step function[22] and tσ, fσ,gσ,hσ are the transmis-
sion amplitudes in band σ, wherein σ = 1,2 and ui,vi with
i= 1,2 are the usual coherence factors defined as before with
superconducting gap ∆i. The boundary conditions at the inter-
faces are:
5
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ΨFM(x=−a) =ΨNM(x=−a), (25)
∂(ΨFM−ΨNM)|x=−a = 2m
(
U1diag(1ˆ, 1ˆ)
)
ΨNM(x=−a), (26)
ΨNM(x= 0) =ΨIP(x= 0), (27)
∂(ΨIP−ΨNM)|x=0 = 2m
(
U2diag(1ˆ, 1ˆ)+α o f f diag(1ˆ, 1ˆ)
)
ΨNM(x= 0), (28)
From Eqs. (25-28), all the scattering amplitudes can be deter-
mined when spin up/down electron is incident in band 1 or 2.
From this we get the scattering probabilities as- B1 = |b1|2,
A1 = (kh↓/ke↑)|a1|2, B2 = |b2|2, A2 = (kh↓/ke↑)|a2|2 for spin
up electron incident in band 1. Similarly, one can also deter-
mine the probabilities: B1, A1 and B2, A2 for electron incident
in band 2.
A. Conductance and shot noise for FM/I/NM/I/Ip junction
The differential conductance for two-band (Iron-based) super-
conductor normalized [11] by G0 = 2e2/h within the BTK for-
malism for FM/I/NM/I/Iron pnictide is given as:
G(eV )/G0 =
1
2TFM
∑
λ=1,2
Gλ(eV ). (29)
where G0 = (2e2)/h,Gλ(eV ) = 1 + A1(eV ) + A2(eV ) −
B1(eV ) − B2(eV ) for incoming spin up electron in band
λ and TFM being the transmission probability through a
FM/I/NM/I/NM junction. For FM/I/NM/I/Iron pnictide junction
the differential shot noise as before can be calculated by gen-
eralizing of the Andreev shot noise across a Normal metal-
Superconductor junction[20], as follows:
S/S0 =
1
2 ∑λ=1,2
Sλ, (30)
where Sλ = A1(eV )(1 − A1(eV )) + B1(eV )(1 − B1(eV )) +
2A1(eV )B1(eV ) + A2(eV )(1 − A2(eV )) + B2(eV )(1 −
B2(eV )) + 2A2(eV )B2(eV ) and S0 = (4e3)/h , with Sλ
being the differential shot noise for spin up electron incident
in band λ. The differential Fano factor is defined as ratio
of differential shot noise to differential conductance, i.e.,
F = (∑λ=1,2 Sλ)/(∑λ=1,2Gλ).
V. RESULTS AND DISCUSSION
In this section, for s++ and s± pairing in Iron pnictide su-
perconductor, we calculate the differential conductance, dif-
ferential shot noise and differential Fano factor for the su-
perconducting gap ratio β = ∆2/∆1 as 1.5, first for normal
metal/insulator/normal metal/insulator/Iron pnictide junction
and then for ferromagnet/insulator/normal metal/insulator/Iron
pnictide junction.
A. N1/I/N2/I/Iron-pnictide
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Figure 4: Plot of the differential Conductance in
N1/I/N2/I/Iron-pnictide junction for s++ pairing(solid) and s±
pairing(dashed) vs bias voltage eV/∆1 with α= 1,
β= ∆2/∆1 = 1.5, kFa= pi/2 with (a) intermediate barrier
strengths: z1 = z2 = 1.0 and (b) tunnel barriers: z1 = z2 = 2.0.
As a first application of our model, we plot the differential con-
ductance for a N1/I/N2/I/Iron pnictide junction vs the bias volt-
age to illustrate the influence of barrier strengths and also fo-
cus on the zero bias limit for both s++ and s± pairing sym-
metries. In the zero bias limit (eV → 0) we see a peak for s±
whereas a dip is seen for s++ pairing as shown in Fig. 4(a)
for intermediate barrier strengths. Unlike the zero bias limit,
near the band gap edges ∆1, s++ pairing shows a peak while
s± pairing shows a dip. The differential conductance peaks
become more prominent near the band gap edges in case of
tunnel barriers, see Fig. 4(b) for s++ pairing symmetry but for
s± pairing symmetry a dip is seen near the band gap edges.
With an increase in z, i.e., for tunnel barriers there is no peak
in the zero bias limit for s± pairing.
1. Differential shot noise and differential Fano factor
Several interesting features are found in Fig. 5, where we plot
the differential shot noise with respect to barrier strength for
different values of interband coupling strength α. When in-
terband coupling strength is large(α = 2.0), with increase of
barrier strength (z→Large) the differential shot noise for s±
pairing tends to zero whereas the differential shot noise tends
to a finite non-zero value for s++ pairing as in Fig. 5(a), for bias
voltage tuned to the superconducting gap for band 1, i.e., ∆1.
In contrast when interband coupling strength is low(α = 0.3)
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Figure 5: Plot of the differential shot noise in
N1/I/N2/I/Iron-pnictide junction for s++ pairing(solid) and s±
pairing(dashed) vs barrier strength z (z1 = z2 = z) with
kFa= pi/2, β= ∆2/∆1 = 1.5 and eV = ∆1 for (a) α= 2.0 and
(b) α= 0.3.
and z→Large the differential shot noise for s± pairing tends
to finite values whereas shot noise for s++ pairing vanishes
as in Fig. 5(b). Further, for the interband coupling strength
(α= 0.3) and intermediate transparency, differential shot noise
for s± pairing increases showing a peak unlike s++ pairing in
Fig. 5(b). In Fig. 6 we plot the differential Fano factor vs bias
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Figure 6: Plot of the differential Fano factor in
N1/I/N2/I/Iron-pnictide junction for s++ pairing(solid) and s±
pairing(dashed) vs bias voltage eV/∆1 with
β= ∆2/∆1 = 1.5,α= 1 and kFa= pi/2 for (a)intermediate
barrier strengths: z1 = z2 = 1.0 and (b) tunnel barriers:
z1 = z2 = 2.0.
voltage eV/∆1 for different values of barrier strengths(z). The
s++ pairing shows a peak in the zero bias limit for intermedi-
ate values of barrier strengths, see Fig. 6(a), while s± pairing
shows a dip. In the tunnel barrier limit with eV < ∆1, differ-
ential Fano factor for s± pairing increases with eV/∆1, and
tends to super Poissonian values as seen in Fig. 6(b). Next we
deal with the Ferromagnet-Insulator-Normal metal-Insulator-
Iron pnictide superconductor junction.
B. FM/I/NM/I/Iron-pnictide
1. Differential conductance
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Figure 7: Plot of the differential Conductance in
FM/I/NM/I/Iron-pnictide junction for s++ pairing(solid) and s+−
pairing(dashed) vs bias voltage eV/∆1 with β= ∆2/∆1 = 1.5,
kFa= pi/2, α= 1 and h0/EF = 0.9 for (a) z1 = z2 = 1.0 and
(b) z1 = z2 = 2.0.
In Fig. 7, we plot the differential conductance for a
FM/I/NM/I/Iron-pnictide(Ip) junction. First we notice the re-
markable similarity between Fig. 4(b) and Fig. 7(b) which is
suggestive of the fact that for tunnel barriers magnetization
in ferromagnet ceases to play much of a role. For interme-
diate barrier strength, differential conductance (Gs±) in the
zero bias limit shows a small dip in Fig. 7(a) compared to the
N1/I/N2/I/Ip junction of Fig. 4(a). Differential conductance for
s± pairing first increases then decreases with increase of bias
voltage in Fig. 7(a) unlike differential conductance for s± pair-
ing which decreases with increase in bias voltage in Fig. 4(a)
for eV < ∆1. Gs++ has almost similar behaviour as the case of
N1/I/N2/I/Ip junction. The differential conductance is reduced
to half for FM/I/NM/I/Ip junction (see Fig. 7(b)) as compared to
N1/I/N2/I/Ip junction in Fig. 4(b). The difference between s++
pairing and s± pairing is that while for s++ there are peaks at
eV ∼ ∆1 and ∆2, for s± the peaks at eV ∼ ∆2 are absent in
both N1/I/N2/Ip as well as FM/I/NM/I/Ip junction.
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2. Differential shot noise and differential Fano factor
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Figure 8: Plot of the differential shot noise in FM/I/NM/I/I-
pnictide for s++ pairing(solid) and s± pairing(dashed) vs bar-
rier strength z (z1 = z2 = z, kFa = pi/2) with eV = ∆1, β =
∆2/∆1 = 1.5 and h0/EF = 0.9 for (a) α= 2.0 and (b) α= 0.3.
With large interband coupling strength (α= 2.0) and for tunnel
barriers (z→Large), differential shot noise for s± pairing van-
ishes whereas differential shot noise for s++ pairing is finite as
seen in Fig. 8(a). This behaviour is similar to what is observed
in Fig. 5(a). For transparent (z = 0) junctions and small val-
ues of interband coupling strength(α = 0.3), differential shot
noise for s± pairing and s++ pairing show a dip as seen in
Fig. 8(b). For α = 2.0, differential shot noise for both pairings
show a peak at z→ 0. For α = 0.3, both s++ and s± pairing
show a peak around z→ 1.0 in Fig. 8(b), unlike the case of
N1/I/N2/I/Iron pnictide junction where only s± pairing shows a
peak at z→ 1.0 in Fig. 5(b). One thing to note, while mag-
netization almost halves the conductance in tunnel barrier limit
irrespective of pairing symmetry, the noise is enhanced(almost
doubled). Fig. 9 gives information on how differential Fano fac-
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Figure 9: Plot of the differential Fano factor in
FM/I/NM/I/I-pnictide junction for s++ pairing(solid) and s±
pairing(dashed) vs bias voltage eV/∆1 with β= ∆2/∆1 = 1.5,
kFa= pi/2, α= 1 and h0/EF = 0.9 for (a) z1 = z2 = 1.0 and
(b) z1 = z2 = 2.0.
tor changes with bias voltage eV/∆1. In the tunnel barrier limit
z→ 2.0 differential Fano factor for s± pairing is enhanced as
compared to z→ 1.0(intermediate barrier) limit, while for s++
pairing in the z→Large (tunnel barrier) limit it is much reduced,
showing completely contrasting behavior. A peak in differen-
tial Fano factor is seen near band gap edge for s± pairing in
Fig. 9(b). In the tunnel barrier limit with eV < ∆1, differential
Fano factor for s± case increases with eV/∆1, and tends to su-
per Poissonian values as shown in Fig. 9(b). For intermediate
barrier strengths in the tunnel barrier limit, Fano factor for s++
pairing decreases from super Poissonian values to sub Pois-
sonian value, while for s± shows opposite nature in Fig. 9(a).
VI. EXPERIMENTAL REALIZATION AND CONCLUSION
Part of the difficulty in determining pairing symmetry of Iron-
based superconductors is that different experiments seem to
shows different results in different doping regimes and in dif-
ferent compounds[13]. In certain samples, a small non zero
resistance has been observed below Tc due to the presence
of inter-growth defect[25] that may affect the experimental re-
sults in Josephson junctions. Real measurements are often
influenced by thermal noise, which smears the shape of the
current near the critical current[26]. We can avoid these diffi-
culties by calculating the shot noise in the tunnel limit, i.e., at
z→Large, where differential shot noise vanishes for s± pair-
ing but is finite for s++ pairing when the interband coupling
strength(α) is large and shows opposite behavior when α is
small. This is the unique silver bullet, regardless of whether we
use normal metal or ferromagnet, the differential shot noise in
the tunneling limit vanishes for s± pairing, while it is finite for
s++ pairing in the strong coupling regime.
VII. APPENDIX
In this section, we give the analytic expressions for differential
conductance and differential shot noise for N1/I/N2/I/Iron pnic-
tide junction. The expressions are valid for both s++ pairing
and s± pairing symmetries. We will use the gauge φ1 = 0,
and make explicit use of the internal phase shift by writing
ei(φ1−φ2)≡ δ=+1 for s++ pairing, while δ=−1 for s± pairing,
respectively.
A. Differential conductance
The analytic expressions for differential conduc-
tance in units of 2e
2
h for s++ and s± pairing in
Metal/Insulator/Metal/Insulator/Iron pnictide superconduc-
tor for the intermediate barrier strength (z→ 1), kFa = pi/2
and α= 1 are given as:
Gs++= 10{2(−39E2d +6
√
−E4d +E2d +2
√
−4E4d +9E2d )+9
(17+4
√
1−E2d
√
9−4E2d )}/{2079+452E4d +624√
1−E2d
√
9−4E2d −E2d (2049+224
√
1−E2d
√
9−4E2d )}
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Gs± =−10{−153+2(−9E2d −30
√
−E4d +E2d +10√
−4E4d +9E2d +18
√
1−E2d
√
9−4E2d )}/{2097
+ 452E4d +E
2
d (255−624
√
1−E2d
√
9−4E2d
− 224
√
1−E2d
√
9−4E2d )},
where Ed = eV/∆1. Now for the special case of zero bias limit
(eV → 0), differential conductance for s++ pairing is Gs++ =
0.657 and for s± pairing is Gs± = 2.0, which is exactly same
as in the Fig. 4(a) for N1/I/N2/I/Iron pnictide superconductor.
B. Differential shot Noise
The analytic expressions for differential shot noise in units of
4e3
h for s++ and s± for N1/I/N2/I/Iron pnictide superconductor
with bias voltage eV = ∆1 and α= 0.3 are given as:
Ss++ = 180(1+(1/z
2)){2551716/z14−916740/z12+3413640/z10
− 443150/z8+1465645/z6−90704/z4+277405/z2
+ 9000}/ {371286/z8+4732/z6+202691/z4+9324/z2
+ 50081}2,
Ss± = 1800(1+(1/z
2)){512676/z14+507996/z12+572280/z10
+ 361546/z8+230221/z6+108040/z4+37405/z2
+ 9000}/ {83286/z8+19782/z6+51511/z4+3420/z2
+ 10405}2,
with β = ∆2/∆1 = 1.5 and kFa = pi/2. We get the values for
differential shot noise in the tunneling limit at z→ ∞ for s++
pairing is Ss++ = 0.006459 and for s± pairing is Ss± = 0.1496,
which is seen in the Fig. 5(b) for N1/I/N2/I/Iron pnictide super-
conductor.
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